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(57) ABSTRACT

In the canned linear motor armature, both the side surfaces of
the armature winding (18) are fixed by two winding fixing
frames (4) so as to sandwich the armature winding in between
them 1n the longitudinal direction. A refrigerant passage (5) 1s
provided 1n a space between the can (3) and the winding
fixing frame (4). A seal material (24) 1s provided in a gap
between a case (2) and the winding fixing frame (4) to prevent
a reinigerant supplied to the refrigerant passage (5) from
leaking to the armature winding (18) sandwiched 1n between
the two winding fixing frames (4) to impregnate the armature
winding (18) with the reirigerant. A waterproofl film 1s
adhered onto a surface of the winding fixing frame (4) where
the refrigerant comes 1nto contact.

9 Claims, 9 Drawing Sheets
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CANNED LINEAR MOTOR ARMATURE AND
CANNED LINEAR MOTOR

TECHNICAL FIELD

The present mvention relates to a canned linear motor
armature and a canned linear motor that are used for a table
feeding in semiconductor manufacturing apparatuses or 1n
machine tools, in which a reduction of a temperature rise of a
linear motor main body and a reliability of a long-period
insulation are required.

BACKGROUND ART

For instance, Patent Document 1 and Patent Document 2
disclose canned linear motor armatures and canned linear
motors that have been hitherto used for the table feeding 1n the
semiconductor manufacturing apparatuses or the machine
tools, in which an armature winding 1s covered by a can and
a refrigerant 1s supplied to tlow through a refrigerant passage
provided between the armature winding and the can, thereby
recovering a heat generated from the armature winding by the
reirigerant and reducing the temperature rise of a surface of
the linear motor. Here, the linear motor disclosed in the Patent
Document 1 will be described below with reference to the
drawings.

Patent Document 1: JP-A-2002-27730 (page 4, FIG. 1)

Patent Document 2: JP-A-2000-4572

FIG. 16 1s an entire perspective view of the canned linear
motor showing a related art. In FIG. 16, reference numeral 10
designates a stator, 11 designates a case, 12 designates a can,
13 designates a bolt screw for fixing the can, 14 designates a
pressing plate, 15 designates a terminal base, 16 designates a
refrigerant supply port, 17 designates a refrigerant discharge
port, 18 designates an armature winding, 25 designates a
movable element, 26 designates a field yoke support member,
277 designates a field yoke, and 28 designates a permanent
magnet. One movable element 25 includes the two flat plate
shaped field yokes 27, the permanent magnets 28 respectively
attached to the surfaces of the field yokes 27 and a total of four
field yoke support members 26 inserted between the two field
yokes 27, and has a hollow space part whose both ends are
opened. The above-described permanent magnet 28 has, a
plurality of magnets that are arranged adjacently on the field
yoke 27 so that polarities are alternately different. The mov-
able element 235 1s supported by a linear guide or a static
pressure bearing guide using balls and composed of sliders
and guide rails not shown in the drawing.

Further, the other stator 10 has armatures arranged in the
hollow space part of the movable element 25 so as to be
opposed to the permanent magnets 28 of the movable element
25 through magnetic gaps. The detail thereof will be
described below by referring to FIG. 17.

FI1G. 17 1s a front sectional view of the canned linear motor
in the related art taken along a line A-A of FIG. 16. FIG. 18
shows a structure of an inner part of the stator except the can
12 1n FIG. 17. In FIGS. 17 and 18, the stator 10 includes the
frame shaped metallic case 11 havmg a hollow 1nner part, the
plate shaped can 12 having the outer shape of the case 11 to
cover the hollow part of the case 11 therewith, the bolt screws
13 for fixing the can 12 to the case 11, the pressing plate 14
having through holes of the bolt screws 13 to press the can 12
by an equal load, the three-phase armature winding 18 form-
ing the armature arranged 1n the hollow part of the case 11, a
winding fixing frame 19 for fixing the armature winding 18,
an O ring 21 formed to be slightly larger than the edges of the
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case 11 and the can 12 and bolt screws 23 for fixing the
winding fixing frame 19 to the case 11. As the material of the
can 12 and the winding fixing frame 19, a resin 1s employed.
Here, a thermosetting resin such as an epoxy resin or a ther-
moplastic resin such as polyphenylene sulfide (PPS) 1s used.
The form of the cavity part of the case 11 1s configured so as
to surround the outer periphery of the armature winding 18.

The armature windings 18 are arranged on both the surfaces
of the winding fixing frame 19 formed in a flat plate shape.
The winding fixing plate 19 formed integrally with the arma-
ture windings 18 1s arranged in the hollow part of the case 11
and fixed to the case 11 by the bolt screws 23. On the edges of
the front and back sides of the case 11, circulating grooves are
provided and the O rings 21 are provided therein. Then, the
cans 12 are arranged on the front and back parts of the case 11
so as to cover the case 11 therewith. The pressing plate 14 1s
laid on the can 12 along the edge of the case 11 and fastened
by the bolt screws 13 so that the can 12 1s fixed to the case 11.
The armature winding 18 1s composed of a plurality of groups
of coils having concentrated winding coils prepared for three
phases and attached to both the sides of the winding fixing
frame 19. An electric power 1s supplied to the armature wind-
ing 18 from the terminal base 15 attached to the case 11. The
terminal base 15 1s electrically connected to the armature
winding 18 by a lead wire (not shown 1n the drawing). Fun
her, a refrigerant 1s supplied from the refrigerant supply port
16 provided in the case 11 and discharged from the refrigerant
discharge port 17. During that time, the refrigerant 1s allowed
to flow 1n a refrigerant passage 20 located between the arma-

ture winding 18 and the can 12 to cool the armature winding
18 that generates heat.

In the canned linear motor constructed as described above,
a three-phase alternating current corresponding to the electric
relative position of the movable element 25 and the stator 10
1s supplied to the armature winding 18 so that a thrust is
generated 1n the movable element 25 by an action on a mag-
netic field formed by the permanent magnet 28. Thus, the
movable element 25 moves 1n an advancing direction shown
by an arrow mark 1n FIG. 16. At this time, since the armature
winding 18 i which heat 1s generated by a copper loss 1s
cooled by the refrigerant supplied to the refrigerant passage
20, the nise of the surface temperature of the can 12 can be
suppressed.

DISCLOSURE OF THE INVENTION

Problems that the Invention 1s to Solve

However, 1in the canned linear motor armature and the
canned linear motor 1n a related art, the refrigerant supplied to
the refrigerant passage 20 tlows on the surface of the armature
winding 18, so that below described problems arise.

(1) The usual canned linear motor has used a tluorine type
inert reirigerant (for mnstance, hydrofluoric ether (HFE) pro-
duced by Sumitomo 3M Ltd.) as a refrigerant. Since the
clectric conductivity of the HFE 1s extremely low as small as
0.002 (uS/cm), the HFE 15 effective as the refrigerant that can
directly cool the armature winding without generating a
breakdown. However, while the thermal conductivity of the

HFE 15 0.07 (W/(m-k)), water has the thermal conductivity of

0.6 (W/(m-k)) about 8 times as high as that of the HFE, so that
the HFE 1s outstandingly lower than the water and a heat
transier rate between the armature winding and the HFE 1s
low. As aresult, a quantity of heat transfer from the armature
winding to the refrigerant 1s decreased, and at the same time,
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a quantity of heat transfer to the surface of the can 1is
increased. Accordingly, the temperature of the surface of the
can 1s elevated.

(2) As a countermeasure for solving the above-described
problem of (1), a change may be considered to the water as a
refrigerant of a high thermal conductivity. Since the thermal
conductivity of the water 1s about 8 times/(m-k) as high as that
of the HFE as described above, it 1s possible to greatly reduce
the rise of the surface temperature of the can. However, when
the water 1s used as the refrigerant, another problem arises.
Generally as a conductor forming the armature winding, an
enamel wire having a coating layer for insulation 1s used. At
that time, very small scars (pin holes) exist on the coating
layer of the conductor owing to a contact between the con-
ductor and other object that arises during a winding operation
or fixing the armature winding. When pure water having the
clectric conductivity exceeding 1 (uS/cm) 1s used as the
refrigerant, the breakdown 1s generated from the parts of the
large pin holes. Further, even when the diameter or the depth
ol the pin hole 1s very small, the pin hole 1s enlarged due to a
reaction (a mechanical stress) of a thrust exerted on the arma-
ture winding, a heat generation (a thermal stress) of the wind-
ing by applying a current, a water tree phenomenon by apply-
ing voltage during a water immersion or the like, and the
breakdown 1s generated 1n a short time.

(3) In order to obtain a cooling capability equal to the water by
using the refrigerant (HFE) low 1n its electric conductivity,
two kinds of methods may be considered that the thickness of
the can 1s reduced and the sectional area of the refrigerant area
1s increased to decrease a thermal resistance from the arma-
ture winding to the surface of the can or the supply pressure of
the refrigerant 1s increased to increase a tlow rate. However,
when the thickness of the can 1s reduced, the deformation of
the can (a quantity of bulge of the can toward the gap) 1s
increased by the pressure of the refrigerant. When the supply
pressure of the refrigerant 1s increased without changing the
thickness of the can, the deformation of the can 1s similarly
increased. As a result, both the thickness of the can and the
flow rate of the refrigerant cannot be changed and the rise of
the surface temperature of the can cannot be decreased.

The present invention 1s devised to solve the above-de-
scribed problems, and it 1s an object of the present invention
to provide a canned linear motor armature and a canned linear
motor in which an armature winding can be cooled by water,
which has an extremely high cooling capability, by improving
a long-time reliability of an 1nsulation of the armature wind-
ing with respect to a refrigerant, and can suppress a deforma-
tion amount of a can to a magnetic gap between a movable
clement and a stator.

Means for Solving the Problems

In order to solve the above-described problems, an aspect
ol the present invention provides a canned linear motor arma-
ture including: an armature winding that 1s formed 1n a flat
plate shape and includes a plurality of groups of coils; a case
that 1s made of metal and 1s provided so as to surround the
armature winding in a frame shape; and cans that seal respec-
tive opening portions of the case, wherein said canned linear
motor armature further comprises: two winding fixing frames
that fix respective side surfaces of the armature winding so as
to sandwich the armature winding therebetween 1n a longitu-
dinal direction; a refrigerant passage that 1s provided 1n a
space between the cans and respective winding fixing frames;
a seal material that 1s provided in a gap between a refrigerant
passage side of each of the winding fixing frames and the
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case; and a waterproof film that 1s adhered onto a surface of
cach of the winding fixing frames where a refrigerant comes
into contact.

More specifically each of the cans are previously curved,
and the cans are disposed such that each of curved convex
surfaces of the respective cans 1s opposed to the winding
fixing frames.

More specifically, the winding fixing frame that fixes the
armature winding 1s formed by a connection board, and a
second seal material i1s filled into a gap part between the
winding {ixing frame and a terminal base which connects a
motor lead of the armature winding to an external part so as to
cover the motor lead.

More specifically a pressing plate that fixes the pair of cans
1s made of a resin.

Still more specifically, the invention includes a field yoke
that 1s disposed so as to oppose to the armature, interposing a
magnetic gap therebetween, and that includes a plurality of
permanent magnets arranged such that each permanent mag-
net has a different polarity with the adjacent permanent mag-
net, wherein either one of the armature or the field yoke 1s
considered to be a stator and the other 1s considered to be a
movable element, and the field yoke and the armature move
relatively to each other.

Still more specifically, the present invention provides a
linear motor armature including: an armature winding that
includes a plurality of groups of coils; a can that 1s provided
on one surface or both surfaces of the armature winding; and
a refrigerant passage that 1s formed between the armature
winding and the can, wherein an insulating laminated body, in
which resin layers are laminated in multi-layers, 1s interposed
between the armature winding and the refrigerant passage.

More specifically, a metal layer 1s laminated on the resin
layers of the insulating laminated body.

Even more specifically, the resin layers are filled with a
glass fiber or a carbon fiber.

More specifically, the metal layer 1s formed by a metal foil
tape having a metal foil and an adhesive agent or a pressure
sensitive adhesive.

More specifically the present invention further includes a
post provided in the refrigerant passage, wherein the post
fixes the can and the resin layers.

More specifically the can 1s previously curved, and a
curved convex suriace of the can 1s arranged to be directed to
a refrigerant passage side.

More specifically, the mvention includes a field magnet
that 1s disposed so as to oppose to the armature iterposing a
magnetic gap therebetween, and that includes a plurality of
permanent magnets arranged such that each permanent mag-
net has a different polarity with the adjacent permanent mag-
net, wherein either one of the armature or the field magnet 1s
considered to be a stator and the other 1s considered to be a
movable element and the field magnet and the armature move
relatively to each other.

More specifically, the armature and the field magnet are
formed 1n a flat plate shape.

More specifically the armature and the field magnet are
formed 1n a cylindrical shape.

ADVANTAGES OF THE INVENTION

According to the canned linear motor of the present inven-
tion, the following eflects can be obtained.

According to the invention defined 1n claim 1, the armature
winding does not come 1nto contact with the refrigerant. That
1s, even when water as a refrigerant low 1n its electric con-
ductivity 1s used or pin holes are formed 1n the conductor of
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the armature winding, since the armature winding 1s 1solated
from the water by the winding fixing frame, a breakdown by
the water can be prevented. Further, since the water 1s used as
the refrigerant, a cooling capability 1s improved. Thus, 1t 1s
possible to reduce the temperature rise on the surface of can.

Further, the deterioration of an insulation resistance due to
the impregnation of the winding fixing frame with the refrig-
erant can be prevented.

Further, according to the invention defined 1n claim 2, since
a quantity of bulge of the can to the gap opposed to the
movable element under the pressure of the refrigerant 1s
decreased, a flow rate of the refrigerant can be increased, and
it 1s possible to further reduce the temperature rise on the
surface of the can compared with the structure defined 1n
claim 1.

Further, according to the invention defined 1n claim 3, the
deterioration of the mnsulation resistance can be prevented and
a reliability of an isulation performance can be improved by
using together with the mnvention defined 1in claim 1 or claim

2.

Further, according to the invention, the rise of the tempera-
ture on the surface of the pressing plate made of the resin for
fixing the can may be more lowered than that made of metal.

Further, according to the invention, since the can is previ-
ously configured in the curved shape, the armature 1s obtained
in which the armature winding has a high insulation resis-
tance for the refrigerant and the rise of the surface tempera-
ture of the can 1s low by using the water high 1n 1ts cooling
capability as the refrigerant, and the field yoke 1s opposed to
the armature so that the canned linear motor having no heat
generation can be obtained.

According to the invention, the resin layers are laminated
in the multi-layers and interposed between the armature
winding and the refrigerant passage, so that the resin layers
play the role of a refrigerant insulation resistance and the
deterioration of the msulation resistance can be suppressed
under an immersion in water having a high electric conduc-
tivity to prevent the breakdown for a long period. Further,
since the resin layers are formed 1n the multi-layers, an outer
resin layer plays the role of protection so that scars (pin holes)
in an nner resin layer can be prevented from being directly
immersed 1n water. Therefore, even when the pin holes are
formed 1n the armature winding or the nner resin layer or a
mechanical stress (a reaction of a thrust) or a thermal stress (a
heat generation of a winding) acts or a high voltage 1s applied
during a manufacturing operation, the progress of the pin
holes to cracks can be suppressed and a reliability for insula-
tion can be improved. As a result, the water as the refrigerant
high 1n its cooling capability can be used and the rise of the
temperature on the surface of the linear motor can be
decreased.

According to the mvention defined 1n claim 7, the metal
layer and the resin layers are laminated and interposed
between the armature winding and the refrigerant passage.
Since the resin layers are interposed between the armature
winding and the refrigerant passage, the same effects as those
of the invention defined 1n claim 6 can be obtained. Further,
since the metal layer shuts oif the absorption of the refrigerant
to an 1nner part, the deterioration of the insulation resistance
arising by the absorption of the refrigerant to the resin layers
can be prevented. Accordingly, the deterioration of the nsu-
lation resistance 1s more eliminated than that of claim 1 and
the reliability for the insulation can be ensured for a long
period.

According to the invention, since the resin layers are filled
with glass fibers or carbon fibers, the mechanical strength of
the resin layers can be increased. Even when the reaction of
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the thrust acts on the armature winding formed integrally with
the resin layers, the generation of cracks on the resin layers
can be prevented and the breakdown due to the immersion of
the refrigerant to crack generating parts can be prevented.

According to the invention, since the metal layer 1s formed
with an extremely thin metal foil tape, the thickness of the
lamination of the resin layers and the metal layer can be
decreased. The thickness of the refrigerant passage 1is
increased the more for the decrease of the thickness of the
lamination, so that the rise of the temperature on the surface
of the linear motor can be lowered.

According to the invention, posts are provided 1n the refrig-
crant passage to mechanically fix the can and the resin layers
by the posts. Accordingly, even when pressure 1n the refrig-
crant passage 1s elevated owing to the increase of the flow rate
of the reirigerant, a deformation amount of the can may be
suppressed. Therefore, the flow rate of the refrigerant can be
increased and the rise of the temperature on the surface of the
linear motor can be more decreased.

According to the mvention, the can 1s previously curved
and the convex surface of the can 1s arranged to be directed to
the refrigerant passage side. Accordingly, even when the pres-
sure 1n the refrigerant passage 1s elevated, a quantity of bulge
of the can to an outer part can be suppressed. Therefore, the
tlow rate of the refrigerant can be increased and the rise of the
temperature on the surface of the linear motor can be
decreased. Further, as compared with the invention defined 1n
a previous embodiment, since members such as the posts are
not used, a manufacture can be easily and inexpensively car-
ried out.

According to the mvention, the armature 1s opposed to a
field magnet having permanent magnets and one of the arma-
ture and the field magnet 1s considered to be a stator and the
other 1s considered to be a movable element. Accordingly, the
linear motor having the effects described above can be pro-
vided.

According to the invention, since the armature winding
forming the armature and the permanent magnets forming the
field magnet are formed 1n flat plate shapes. Accordingly, the
flat linear motor having the effects described above can be
provided.

According to the invention, since the armature winding
forming the armature and the permanent magnets forming the
field magnet are formed 1n cylindrical shapes. Accordingly,
the linear motor of a small volume having the effects
described above can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an entire perspective view of a canned linear
motor showing a first embodiment of the present invention.

FIG. 2 1s a front sectional view of the canned linear motor
taken along a line A-A of FIG. 1.

FIG. 3 1s a side view showing an inner structure of a stator
shown 1n FIG. 1, 1n which a can 1s removed.

FIG. 4 1s a partly sectional view with the surface of a
winding fixing frame shown in FIG. 2 enlarged.

FIG. § 1s a partly sectional view with a motor lead connec-
tion part enlarged.

FIG. 6 1s a front sectional view of a stator of a canned linear
motor showing a second embodiment of the present imven-
tion.

FIGS. 7A and 7B show a canned linear motor showing
third to eighth embodiment of the present invention, wherein
FIG. 7A 1s an entire perspective view thereof and FIG. 7B 1s

a front sectional view showing a section cut to %4 along a line
A-A'1n FIG. 7A.
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FIG. 8 1s an enlarged view of a part B in FIG. 7B showing
the third embodiment.

FI1G. 9 1s an enlarged view of the part B in FI1G. 7B showing
the fourth embodiment.

FIG. 10 1s an enlarged view of the part B 1n FIG. 7B

showing the fifth embodiment.
FIG. 11 1s an enlarged view of the part B in FIG. 7B

showing the sixth embodiment.

FIG. 12 1s a front sectional view of a canned linear motor
showing the seventh embodiment with a section cut to 4
along a line A-A' 1n FIG. 7A.

FIG. 13 1s a front sectional view of a canned linear motor
showing the eighth embodiment with a section cut to ¥4 along
a line A-A'1n FIG. TA.

FIG. 14 1s an entire perspective view of a canned linear
motor showing a ninth embodiment.

FI1G. 15 1s a front sectional view showing a section cut to %4
along a line A-A' 1n FIG. 14.

FIG. 16 1s an entire perspective view ol a canned linear

motor showing the related art.

FIG. 17 1s a front sectional view of the canned linear motor
taken along a line A-A 1 FIG. 16.

FI1G. 18 1s a side view showing an inner structure of a stator
with a can shown in FIG. 17 removed.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

1,10 stator

2,11 case

3, 3a,12 can

4,19 winding fixing frame

5, 5a, 20 refrigerant passage
6, 23 bolt screw

13 bolt screw

14 pressing plate

15 terminal base

16 refrigerant supply port

17 refrigerant discharge port
18 armature winding

21 O ring

22 winding fixing frame support member
24 seal material

25 movable element

26 field yoke support member
277 field yoke

28 permanent magnet

29 waterproof film

31 motor lead

32 seal matenal

40 1nsulating laminated body
41 protecting resin layer

42 adhesive resin layer

43 main 1nsulating resin layer
44 mold resin layer

45 metal layer

46 metal foil tape

4’7 high strength msulating resin layer
30 post

51 O ring for post

52 post fixing bolt

53 post fIxing insert nut

54 can for post

55 curved can

60 movable element

61 case

62 can
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63 armature winding

64 terminal base

65 refrigerant supply port

66 reirigerant discharge port
67 refrigerant passage

68 insulating laminated body
70 stator

71 field yoke

72 permanent magnet

BEST MODE FOR CARRYING OUT TH
INVENTION

L1l

Hereiatter, embodiments of the present invention will be
described 1n detail with reference to the drawings.

Embodiment 1

FIG. 1 1s a perspective view of a canned linear motor
showing a first embodiment of the present invention. FIG. 2 1s
a front sectional view of the canned linear motor 1n the present
invention taken along a line A-A of FIG. 1. FIG. 3 15 a side
view showing an inner structure of a stator shown in FIG. 1, in
which a can 1s removed. Components of the present invention
the same as those of a related art are designated by the same
reference numerals and an explanation of them will be omut-
ted and only different points will be described. Further, the
structure of a movable element 25 1s the same as that of the
related art.

In FIGS. 1 to 3, reference numeral 1 designates a stator, 2
designates a case, 3 designates a can, 4 designates a winding
fixing frame, 5 designates a refrigerant passage, 6 designates
a bolt screw, 22 designates a winding fixing frame support
member, and 24 designates seal material.

-

I'he present invention has features as described below.

-

T'hat 1s, the feature of the present invention resides in that
both the side surfaces of an armature winding 18 are fixed in
the longitudinal direction by two winding fixing frames 4 so
as to sandwich the armature winding in between the winding
fixing frames 4, and the refrigerant passage 5 1s provided 1n a

space formed between the can 3 and the winding fixing frame
4.

Further, 1n a gap between the refrigerant passage side o the
winding {ixing {frame 4 and the case 2, the seal material 24 1s
provided so that a refrigerant supplied to the refrigerant pas-
sage 5 1s prevented from leaking to the armature winding 18
sandwiched 1n between the two winding fixing frames 4 to
impregnate the armature winding 18 with the refrigerant.

Further, in the upper and lower parts of the armature wind-
ing 18, winding fixing frame support members 22 are inserted
to support and fix the upper and lower end parts of the two
winding fixing frames 4 and the inner peripheral side of the
case 2. The case 2 and the winding fixing frame support
members 22 are fixed by inserting the bolt screws 6 into
through holes provided 1n the case 2 and then screwing the
bolt screws 6 to female screws of the winding fixing frame
support members 22. The views of the through holes and the
temale screws are omitted.

Further, the surfaces of the winding fixing frames 4 are
shown 1n FIG. 4.

FIG. 4 shows a partly sectional view 1n which the surfaces
of the winding {ixing frames shown 1n FI1G. 2 are enlarged. In
FIG. 4, 18 designates the armature winding, 22 designates the
winding fixing frame support member, 4 designates the wind-
ing fixing frame, and 29 designates a waterproof film.
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Namely, the waterproof film 29 1s adhered onto the surface
of the winding fixing frame 4 where the refrigerant comes into
contact.

Still further, a motor lead connection part 1s shown 1n FIG.
5.

FIG. 5 1s a partly sectional view in which the motor lead
connection part 1s enlarged. In FIG. 5, reference numeral 2
designates the case, 4 designates the winding fixing frame, 18
designates the armature winding, 15 designates a terminal
base, 31 designates a motor lead, and 32 designates a seal
material.

Namely, the winding {ixing frame 4 for fixing the armature
winding 18 1s formed by a connection board. A gap part
between the winding fixing frame 4 and the terminal base 15
for connecting the motor lead 31 of the armature winding 18
to an external part 1s filled with the seal material 32 so as to
cover the motor lead 31 therewith.

A pressing plate 14 for fixing the can 3 1s made of a resin
having a thermal conductivity lower than that of metal.

In the above-described construction, since the structure of
the coil of the armature winding 18 1s the same as that of the
related art, in the canned linear motor of the present invention
as 1n the related art, a prescribed current corresponding to the
clectrically relative position between the movable element 25
and the stator 1 1s supplied to the armature winding 18 so that
the current acts on a magnetic ficld formed by a permanent
magnet 28 to generate a thrust 1n the movable element. At this
time, the refrigerant flows 1n the refrigerant passage 5 pro-
vided between the can 3 and the winding {ixing {frame 4 to
cool the armature winding 18 that generates heat.

Accordingly, since the first embodiment of the present
invention has the structure 1n which both the side surfaces of
the armature winding 18 are fixed 1n the longitudinal direction
by the two winding fixing frames 4 so as to sandwich the
armature winding in between the winding fixing frames, the
structure 1n which the refrigerant passage 5 1s provided in the
space formed between the can 3 and the winding fixing frame
4 and the structure 1n which the seal maternial 24 1s provided 1in
the gap between the refrigerant passage side of the winding
fixing frame 4 and the case 2, a contact of the refrigerant with
the armature winding 18 that has been a problem in the related
art can be eliminated. That 1s, even when water 1s used as the
refrigerant low 1n its electric conductivity, since the armature
winding 18 is 1solated from the water by the winding fixing,
frame 4 and the seal material 24, the breakdown of the arma-
ture winding 18 can be prevented. When the water 1s used as
the refrigerant, a cooling capability 1s improved. Thus, the
rise ol temperature on the surface of the can 3 can be
decreased.

Further, since the waterproof film 29 i1s adhered onto the
surface of the winding fixing frame 4 where the refrigerant
comes 1nto contact, the deterioration of an insulation resis-
tance due to the penetration of the refrigerant into the winding,
fixing frame can be prevented.

Further, since the gap part between the armature winding,
18 and the terminal base 15 for connecting the motor lead of
the armature winding 18 to the external part 1s filled with the
seal material 32 so as to cover the motor lead 31 therewith, the
deterioration of the insulation resistance can be prevented and
a reliability for an 1nsulation performance can be improved.

Further, as a material of the pressing plate for fixing the
can, a resin having a thermal conductivity lower than that of
metal 1s used. Thus, the rise of temperature on the surface of
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the pressing plate made of the resin for fixing the can be
decreased more than that made of metal.

Embodiment 2

Now, a second embodiment of the present invention will be
described below.

FIG. 6 1s a front sectional view of a stator of a canned linear
motor showing a second embodiment of the present mnven-
tion.

The second embodiment 1s different from the first embodi-
ment 1n that while the can 3 of the first embodiment 1s a linear
plate, each of the cans 1s previously curved and the curved
convex surfaces of the cans are arranged to be opposed to
winding fixing frames 4. In FIG. 6, reference numeral 3a
designates a previously curved can, and Sa designates a
refrigerant passage formed 1n a space part between the curved
can 3a and the winding fixing frame 4. That 1s, the can 3a 1s
formed 1n a shape such that a central part thereotf is slightly
curved toward the winding fixing frame 4 side so as not to
come 1nto contact with the winding fixing frame when a
refrigerant 1s not supplied to the refrigerant passage Sa. When
the refrigerant 1s supplied to the refrigerant passage 5a, the
can 3a 1s deformed 1n such a way that the central part pro-
trudes outside (a side opposite to the winding {ixing frame 4)
under the pressure of the refrigerant.

Accordingly, since the can 3a has the previously curved
form, the deformation of the can to a gap opposed to a mov-
able element owing to the tflow rate of the refrigerant can be
suppressed as an effect more excellent than that of the first
embodiment. Further, the flow rate of the refrigerant can be
increased more than that of the first embodiment and the rise
ol temperature can be more decreased.

In the above-described embodiment, the structure 1s men-
tioned that includes the armature winding as the stator and the
permanent magnets for the field magnet as the movable ele-
ment. However, an inverse structure may be employed that
has the permanent magnet as the stator and the armature
winding as the movable element.

Further, the movable element 1s formed in a rectangular
shape having a hollow, however, 1t 1s apparent that the present
invention may be applied with the movable element having a
recessed form or a structure 1n which permanent magnets are
merely arranged 1n one side.

Embodiment 3

FIGS. 7A and 7B illustrate a canned linear motor showing,
a third embodiment of the present invention, wherein FIG. 7A
1s an entire perspective view thereot and FIG. 7B 1s a front
sectional view showing a section cut to 4 along a line A-A'1n
FIG. 7A. The components of the present invention the same as
those of the related art are designated by the same reference
numerals and described.

In the drawing, reference numeral 40 designates an 1nsu-
lating laminated body formed by laminating resin layers in
multi-layers. The structure of a movable element 235 of the
present invention 1s the same as that of the related art. A stator
1 includes a metallic case 2 formed 1n a rectangular shape
having a hollow inner part, a plate shaped can 3 having the
outer shape of the case 2 to cover the hollow part of the case
2 therewith, a can fixing bolt 13 for fixing the can 3 to the case
2, a pressing plate 14 having through holes of the can fixing
bolts 13 to press the can 3 by an equal load, a three-phase
armature winding 18 and the insulating laminated body 40
arranged 1n the hollow part of the case 2 and an O ring 21
tformed to be slightly larger than the hollow part of the case 2.
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As the material of the can 3, a resin 1s employed. For instance,
a thermosetting resin such as an epoxy resin or a thermoplas-
tic resin such as polyphenylene sulfide (PPS) 1s used. The
form of the hollow part of the case 2 1s configured so as to
surround the outer periphery of the armature winding 18. An
armature fixing part (not shown 1n the drawing) formed 1nte-
grally with the armature winding 18 1s arranged 1n the hollow
part of the case 2 and the wiring fixing part and the case 2 are
fixed by bolts. On the edges of the front and back parts of the
case 2, circulating grooves are provided and the O rings 21 are
provided therein. Then, the cans 3 are arranged on the front
and back parts of the case 2. The pressing plate 14 1s laid on
the can 3 along the edge of the case 2 and fastened by the can
fixing bolts 13 so that the can 3 1s fixed to the case 2. The
armature winding 18 1s composed of a plurality of concen-
trated winding coils prepared for three phases and molded
integrally with the insulating laminated body 40. An electric
power 1s supplied to the armature winding 18 from a terminal
base 15 attached to the case 2. The terminal base 15 1s elec-
trically connected to the armature winding 18 by a lead wire
(not shown 1n the drawing). Further, a refrigerant 1s supplied
from a refrigerant supply port 16 provided in the case 2 and
discharged from a refrigerant discharge port 17. During that
time, the refrigerant 1s allowed to flow 1n a refrigerant passage
5 located between the insulating laminated body 40 and the
can 3 to cool the armature winding 18 that generates heat.

FIG. 8 1s an enlarged view of a part B in FIG. 7B showing
the third embodiment.

In the drawing, reference numeral 41 designates a protect-
ing resin layer, 42 designates an adhesive resin layer, 43
designates a main 1sulating resin layer, and 44 designates a
mold resin layer. The msulating laminated body 40 1s formed
by laminating the protecting resin layer 41, the adhesive resin
layer 42, the main insulating resin layer 43 and the mold resin
layer 44 from the refrigerant passage 5 side. The protecting
resin layer 41 serves to suppress the absorption of a refriger-
ant to the main insulating resin layer 43 side and protect the
main msulating resin layer 43. Accordingly, for the protecting,
resin layer 41, a polyimide resin or a nylon resin 1s used that
has a low coellicient of water absorption and 1s not broken
even with a small thickness. The adhesive resin layer 42
serves to bond or stick the protecting resin layer 41 to the main
insulating resin layer 43. Accordingly, for the adhesive resin
layer 42, an epoxy, silicone or acrylic adhesive agent or pres-
sure sensitive adhesive 1s employed. The main insulating
resin layer 43 serves to suppress the absorption of the refrig-
erant, ensure a refrigerant insulation resistance and assure a
long-period isulation without being softened even when the
temperature rises due to the heat generation of the armature
winding 18. Accordingly, for the main insulating resin layer
43, an epoxy resin or a polyethylene resin 1s used as a resin
material low 1n its coelficient of water absorption and high in
its insulation resistance. Since the mold resin layer 44 serves
to attach the armature winding 18 integrally to the main
insulating resin layer 43, the epoxy resin that 1s ordinarily
employed as a mold material 1s used.

The third embodiment 1s different from the Patent Docu-
ment 1 1n a point that the insulating laminated body formed by
laminating the resin layers in the multi-layers 1s provided
between the armature winding located in the stator and the
refrigerant.

According to such a structure, even when pin holes are
formed 1n the coating of the conductor of the armature wind-
ing, the reaction of a thrust 1s generated, the heat of the
armature winding 1s generated or high voltage 1s applied, the
resin layers composed of the multi-layers play the role of a
refrigerant insulation resistance and the deterioration of the
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insulation resistance can be suppressed under an 1mmersion
in water having a high electric conductivity to prevent the
breakdown for a long period. Further, since the protecting
resin layer protects the main isulating resin layer, even when
scars (pin holes) are formed 1n the main 1nsulating resin layer
during a manufacturing operation, the protecting resin layer
can prevent can prevent the parts of the pin holes from being
directly impregnated with water to suppress the progress of
the pin holes to cracks and ensure a reliability of a long-period
insulation. As a result, the water as the refrigerant high 1n 1ts
cooling capability can be used and the rise of the temperature
on the surface of the linear motor can be decreased.

Embodiment 4

Now, a fourth embodiment of the present invention will be
described below.

FIG. 9 1s an enlarged view of the part B 1n FIG. 7B showing,
a fourth embodiment. In the drawing, reference numeral 45
designates a metal layer. The fourth embodiment 1s different
from the third embodiment 1n that that the protecting resin
layer 41 of the insulating laminated body 40 1s replaced by the
metal layer 45. The metal layer 45 serves to shut off the
absorption of a refrigerant to a main 1nsulating resin layer 43
as well as to protect the main insulating resin layer 43 like the
protecting resin layer 41 used 1n the third embodiment. As the
metal layer 45, thin stainless steel, a silicon steel plate or the
like 15 used.

According to the above-described structure, a breakdown
can be prevented for a long period even under an immersion
in water high in its electric conductivity as in the third
embodiment. Further, since the metal layer shuts oif the
absorption of the refrigerant to an inner part, the deterioration
ol an insulation resistance due to the absorption of water of
the main 1insulating resin layer can be eliminated. As a result,
even when the water having the high electric conductivity 1s
used as the refrigerant, the rise of temperature on the surface
of a linear motor can be decreased without generating the
deterioration of the insulation resistance or the breakdown of
an armature winding.

Embodiment 5

Now, a fifth embodiment of the present invention will be
described below.

FIG. 10 1s an enlarged view 1n the part B in FIG. 7B

showing a fifth embodiment.

In the drawing, reference numeral 46 designates a metal
fo1l tape. The fifth embodiment 1s different from the fourth
embodiment in that the metal layer 45 and the adhesive resin
layer 42 are replaced by the metal foil tape 46. The metal foil
tape 46 has an adhesive agent or a pressure sensitive adhesive
provided on one surface of a thin metal foil.

In the above-described structure, since the metal layer and
the adhesive resin layer are replaced by the very thin metal
fo1l tape to reduce the thickness of an insulating laminated
body and increase the thickness of a refrigerant passage, the
rise ol temperature on the surface of a linear motor can be
more decreased.

Embodiment 6

Now, a sixth embodiment of the present invention will be
described below.

FIG. 11 1s an enlarged view of the part B in FIG. 7B
showing a sixth embodiment. In the drawing, reference
numeral 47 designates a high strength insulating resin layer.
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The sixth embodiment 1s different from the third to fifth
embodiments 1n a point that the main insulating resin layer 43
1s replaced by the high strength insulating resin layer 47 filled
with glass fibers or carbon fibers.

According to such a structure, since the mechanical
strength of an 1nsulating laminated body can be improved,
even when the reaction of a thrust or heat 1s generated 1n an
armature winding, the generation of cracks can be prevented
on the insulating laminated body and a breakdown due to the
immersion ol the crack parts 1n water can be prevented.
Accordingly, reliability for insulation for a mechanical stress
or a thermal stress can be more improved than those of the
third to fifth embodiments.

Embodiment 7

Now, a seventh embodiment of the present invention will
be described below;

FIG. 12 1s a front sectional view of a canned linear motor
showing a seventh embodiment with a section cut to ¥4 along

a line A-A'1n FIG. 7A.

In the drawing, referent numeral 50 designates a post, 51
designates an O ring for the post; 52 designates a post fixing
bolt, 53 designates a post fixing 1nsert nut, and 54 designates
a can for a post. The seventh embodiment 1s different from the
third to sixth embodiments 1n a point that the post 50 1s
provided 1n a refrigerant passage 5. The post 50 1s formed
integrally with a main insulating resin layer 43 or a high
strength imnsulating resin layer 47. In an end of the post 50, the
O ring 31 for the post 1s placed and the post fixing 1nsert nut
53 1s embedded. The post 1s mechanically fastened to the can
tor the post 54 by the post fixing bolt 52.

According to such a structure, even when pressure in the
refrigerant passage 1s elevated 1n accordance with the
increase of the tflow rate of a refrigerant, a quantity of the
deformation of the can may be suppressed. Accordingly, the
flow rate of the refrigerant can be increased and the rise of
temperature on the surface of a linear motor can be more
decreased.

Embodiment &

Now, an eighth embodiment of the present invention will
be described below.

FIG. 13 1s a front sectional view of a canned linear motor
showing an eighth embodiment with a section cut to ¥4 along
the line A-A' in FIG. 7A. In the drawing, referent numeral 35
designates a curved can. The eighth embodiment 1s different
from the seventh embodiment 1n a point that the post 50
provided 1n the refrigerant passage 5 1s removed and the can
53 previously curved 1 a V shape 1s arranged so as to direct
a convex suriace to the refrigerant passage 5 side.

According to the above-described structure, even when
pressure in the refrigerant passage is elevated as 1n the seventh
embodiment, a quantity of bulge of the can to an outer part can
be suppressed. Accordingly, the flow rate of a refrigerant can
be 1ncreased and the rise of temperature on the surface of a
linear motor can be decreased. Further, since a member such
as the post 1s not used as compared with the seventh embodi-
ment, a manufacture can be easily and mexpensively carried
out.

Embodiment 9

Now, a ninth embodiment of the present invention will be
described below.
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FIG. 14 1s an entire perspective view of a canned linear
motor showing a ninth embodiment of the present invention.
FIG. 15 1s a front sectional view showing a section cut to V4
along a line A-A'1n FIG. 14.

In the drawing, reference numeral 60 designates a movable
clement, 61 designates a case, 62 designates a can, 63 desig-
nates an armature winding, 64 designates a terminal base, 63
designates a refrigerant support port, 66 designates a refrig-
erant discharge port, 67 designates a refrigerant passage, 68
designates an mnsulating laminated body, 70 designates a sta-
tor, 71 designates a field yoke, and 72 designates a permanent
magnet. The stator 70 includes a plurality of permanent mag-
nets 72 forming multi-poles that are arranged 1n the outer
periphery of the cylindrical field yoke 71 long 1n the direction
of a stroke. On the other hand, the movable element 60 has the
armature winding 63 provided 1n an intermediate part and the
isulating laminated bodies 68, the refrigerant passages 67
and the cans 62 provided in the inner and outer peripheries
thereof. Here, for the case 61 and the can 62, stainless steel 1s
used and the case 1s connected to the can by welding. Further,
the armature winding 63 1s molded integrally with a winding
fixing frame (not shown 1n the drawing) and fixed to the case
61 by bolts. A refrigerant 1s supplied from the refrigerant
supply port 65 provided in one case 61, then passes a pipeline
in the other case 61 and 1s discharged from the refrigerant
discharge port 66. The movable element 60 has the stator 70
inserted 1n 1ts hollow space and 1s supported by a linear guide
or a static pressure bearing guide that 1s not illustrated. In the
above-described structure, a prescribed current 1s allowed to
flow 1n the armature winding 63 so that a thrustis generated 1n
the movable element 60 1n accordance with an action on a
magnetic filed formed by the permanent magnets 72 and the
movable element 60 moves 1n an advancing direction shown
by an arrow mark. At that time, heat generated 1n the armature
winding 1s recovered by the refrigerant flowing on the surface
thereof. Thus, 1t 1s possible to greatly reduce the temperature
rise on the surface of the can.

Further, a structure having a part B enlarged 1n FIG. 15 1s
the same as those of the third to sixth embodiments and the
same as those shown 1n FIGS. 8 to 11 formed 1n circular arc
shapes. As described above, the ninth embodiment 1s different
from the third to eighth embodiments 1n a point that the
armature winding and the permanent magnets are formed 1n
cylindrical shapes.

According to the above-described structure, water having a
high cooling capability can be used as the refrigerant as 1n the
third to sixth embodiments and the rise of the temperature on
the surface of a linear motor can be decreased. Further, 1n the
third to eighth embodiments, the armature winding forming
the armature and the permanent magnet forming the field
magnet are formed 1n the flat plate shapes to have the flat
canned linear motor. However, 1n the ninth embodiment, the
cylindrical form 1s used so that a coil end part of the armature
winding can be eliminated and the canned linear motor small
in 1ts volume can be provided.

In the first to eighth embodiments, the structure 1s men-
tioned that has the armature winding as the stator and the
permanent magnet of the field magnet as the movable ele-
ment. In the ninth embodiment, the structure 1s mentioned
that has the armature winding as the movable element and the
permanent magnets of the field magnet as the stator. However,
iverse structures may be employed respectively for the
above-described structures. Further, although the movable
clement 1s formed 1n a rectangular shape having a hollow 1n
the third to eighth embodiments, it 1s apparent that the present
invention may be applied with the movable element having
the recessed form or a structure in which the permanent
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magnets are merely arranged in one side. Further, as
described above, the armature winding 1s explained as the
three-phase ac linear motor composed of a plurality of con-
centrated winding coils. However, what 1s called a voice coil
motor (VCM) 1n which one concentrated winding coil 1s
provided or an extremely freely operating VCM 1n which a
plurality of movable elements and a plurality of concentrated
winding coils are provided may be employed. Further, as
described above, the winding fixing part (not shown 1n the
drawing) as a member for fixing the armature winding to the
case 1s used. However, the winding fixing part may be formed
integrally with the main sulating resin layer or the high
strength resin layer. Further, as described above, the post 1s
formed 1ntegrally formed with the main insulating resin layer
or the high strength resin layer. However, it 1s to be under-
stood that the post may be formed separately from these resin
layers or the post may be formed integrally with the can to
obtain the same effects. Still further, as described above, the
curved can 1s formed 1n the V shape, 1t 15 to be recognized that
the can may be formed 1n a bowl shape or a recessed shape
(stair-like shape) to obtain the same effects.

INDUSTRIAL APPLICABILITY

In the present invention, the resin layers of the multi-layers
of the resin layer and/or the metal layer are interposed
between the armature winding and the refrigerant. Accord-
ingly, even when the water 1s used as the refrigerant having a
high electric conductivity, the deterioration of an 1nsulation
resistance or a breakdown does not arise and the temperature
rise of the linear motor can be decreased. Therefore, the
present invention may be applied to a semiconductor expo-
sure device or an ispection device, 1n which a temperature
rise 1s required to be extremely small and a reliability of a
long-period msulation 1s also required.

The mvention claimed 1s:

1. A canned linear motor armature comprising: an armature
winding that includes a plurality of groups of coils; a can that
1s provided on one side or both sides of the armature winding;
and a relrigerant passage that is formed between the armature
winding and the can, wherein an insulating laminated body, in
which resin layers are laminated in multi-layers, 1s interposed
between the armature winding and the refrigerant passage
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wherein the resin layers comprise a mold resin layer, and
the armature winding 1s molded integrally with the 1nsu-
lating laminated body such that a gap between the arma-
ture winding and the msulating laminated body 1s filled
with the mold resin layer.

2. The canned linear motor armature according to claim 1,
wherein a metal layer 1s laminated on the resin layers of the

insulating laminated body.

3. The canned linear motor armature according to claim 2,
wherein the metal layer 1s formed by a metal foil tape having
a metal foil and an adhesive agent or a pressure sensitive
adhesive.

4. The canned linear motor armature according to claim 1,
wherein one of the resin layers 1s filled with a glass fiber or a
carbon fiber.

5. The canned linear motor armature according to claim 1,
further comprising a post provided 1n the refrigerant passage,
wherein the post fixes the can and the resin layers.

6. The canned linear motor armature according to claim 1,
wherein the can 1s curved, and a curved convex surface of the
can 1s arranged to be directed to a refrigerant passage side.

7. A canned linear motor comprising:
the canned linear motor armature according to claim 1; and

a field magnet that 1s disposed so as to oppose to the canned
linear motor armature 1mnterposing a magnetic gap there
between, and that includes a plurality of permanent mag-
nets arranged such that each permanent magnet has a
different polarity with the adjacent permanent magnet,
wherein either one of the canned linear motor armature
or the field magnet 1s considered to be a stator and the
other 1s considered to be a movable element, and the field
magnet and the canned linear motor armature move rela-
tively to each other.

8. The canned linear motor according to claim 7, wherein
the canned linear motor armature and the field magnet are
formed 1n a flat plate shape.

9. The canned linear motor according to claim 7, wherein
the canned linear motor armature and the field magnet are
formed 1n a cylindrical shape.
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